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Potpuna odredba mineralnog sastava i teksturnih karakteristika ruda od krucijalnog su značaja 
za pravilnu interpretaciju procesa obrazovanja mineralizacije i geneze rudnih ležišta generalno. 
Proučavanje rudnih tekstura vrši se najpre makroskopskim pregledom na samom terenu, u opsegu od 
metarske do milimetarske skale. Za potpuniju interpretaciju rudnih tekstura neophodna su i veoma važna 

mikroskopska ispitivanja koja omogućavaju dalji uvid u sve karakteristike rude na mikrometarskoj skali, 
i time pružaju znatno veći broj podataka od značaja za ispitivanje ne samo gcneze ležišta, već i 
mogućnosti i efikasnosti njihove eksplatacije. Razvojem polarizacione mikroskopije kao osnovne 
metode ispitivanja minerala, ruda i stena, utvrđeni su i Jasno definisani brojni teksturni odnosi minerala, 
kao što su teksture izdvajanja, zamenjivanja i dr, a koje su značajno doprinele razumenju postanka 
minerala i procesa obrazovanja ruda. Može se reći da rudna mikroskopija, kao zasebna disciplina 
polarizacione mikroskopije, doživljava svoj vrhunac sredinom i drugom polovinom XX veka, gde 

svakako treba istaći doprinos Pola Ramdora (Pau!l Ramdohr, 1890-1985) ovom razvoju. Poslednjih 
decenija, razvojem mnogih sofisticiranih metoda mikroanaliza („„in-sifu“) omogućen je i dalji pomak u 

ispitivanju minerala i njihovih tekstura prema nanometarskom čak i atomskom nivou, što svakako pruža 
izuzetne mogućnosti, ali samo istraživanje čini veoma kompleksnim. Metode skenirajuće i transmisione 

elektronske mikroskopije (SEM i TEM) u kombinaciji sa elektronskom mikroanalizom (eng. EMPA), 
masena spektrometrija indukovano spregnute plazme laserskom ablacijom (eng. LA-JCP-M5S) ı druge 

slične metode daju istraživaču u ruke veoma „„moćno oružje“. Međutim, ukoliko se ovakvo oružje samo 
i malo pogrešno usmeri dobija se niz pogrešnih interpretacija i zaključaka koji mogu veoma da štete 
samom istraživanju. Pravilnu upotrebu savremenih metoda mikroanaliza minerala moguće je izvršiti 

samo njihovim kombinovanjem i oslanjanjem na osnovna ispitivanja polarizacionim mikroskopom. 
Dobar model ovakvom pristupu istraživanja predstavlja proučavanje pirita iz polimetaličnog: Cu-Au- 

Ag-Pb-Zn ležišta Čoka Marin, minerala koji pokazuje veliku raznovrsnost u teksturi, a pritom sadrži 
mnoge hemijske primese. Metodama mikroanalize sastava minerala (EMPA i LA-/CP-MS) utvrđeni su 

povišeni Cu, Pb, As ı Ag sadržaji u ovom piritu. Međutim, upotrebom metoda mikroanalize strukture 
minerala, kao što su mikro-raman spektroskopija ı TEM analiza uz prethodnu pripremu uzorka 
fokusiranim jonskim zrakom (eng. F7B - focused-ion beam), utvrđeno je da je samo bakar strukturno 
vezan u ovom mineralu, dok ostale primese (Pb, As i Ag) obrazuju finodispergovana nanometarska zrna 
drugih minerala koja su zapravo naknadno deponovana zapunjavajući nano-pore u piritu. Na taj način 
je dobro definisan bakronosni pirit i pružene su smernice za dalje dešifrovanje uslova postanka ovog, 
inače ređeg varijetet pirita u prirodi. S druge strane, sprečena je pogrešna kristalohemijska i genetska 

interpertacija pirita sa Pb, As i Ag primesama, a istaknut je porozan karakter ovog minerala što naglašava 
specifičnost u uslovima deponovanja rudnog materijala. Daljim ispitivanjem Fe izotopskog sastava 
pirita LA-MC-ICP-MS metodom, ali na tačno određenim i dobro definisanim teksturnim varijetetima 
kao što su kolomorfni i cuhedralni pirit, nađena je znatna razlika u vrednostima 6%'Fe na razmaku od 
svega nekoliko mikrometara, što naročito ističe značaj ovih rezultata merenja, ali i ovakvog pristupa 
kombinovanja metoda mikroanaliza sa teksturnim ispitivanjima minerala. 
Ovaj rad finansiran je po „Ugovoru o realizaciji i finansiranju naučnoistraživačkog rada NIO u 2022. 

godini“, br. 451-03-68/2022-14/ 200126. 
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The complete determination of a mineral composition and textural characteristics of the ores is 
crucial for correct interpretation of the ore-forming processes and genesis of ore deposits in general. The 

study of ore textures is first done by macroscopic examination on a field, in the range from a meter to 
millimeter scale. For more complete interpretation of the ore textures, very important microscopic 
examinations are necessary, Which enable further insight into all characteristics of ore on a micrometer 
scale, and thus provide significantly more data important for investigating not only deposit genesis, but 
also possibilities and efficiency of their exploitation. With the development of polarized light 
microscopy as the basic methods of minerals, ores and rocks study, numerous textural relationships of 
minerals have been determined and clearly defined, such as exsolutions, replacements, etc, which have 

significantly contributed to the understanding of origin of minerals and ore formation. It can be said that 
ore microscopy, as a separate discipline of the polarized light microcopy, reached its peak in the middle 

and second half of the XX century, where the contribution of Paul Ramdohr (1890-1985) to this 

development should certainly be emphasized. In last decades, the development of many sophisticated 

methods of microprobe analysis (in-situ) has enabled a further shift in the study of minerals and their 
textures to nanometer and even atomic levels, which certainly offers great opportunities, but at the mean 
time makes a research very complex. Scanning and Transmission Electron Microscopy (SEM and TEM) 

methods in combination with Electron Microprobe Analysis (EMPA), Laser Ablation Inductively 
Coupled Plasma Mass Spectrometry (LA-ICP-MS) and other similar methods give a researcher a very 

"powerful weapon". However, if such a weapon is only a slightly misdirected, wrong interpretations and 
conclusions are obtained which can be very harmful to the research itself. Proper use of the up-to-date 
microprobe methods in the mineral studies can be achieved only by their combining and upgrading on 
the basic investigations by polarized light microscope. A good model for this research approach 

represents the study of pyrite from the polymetallic Cu-Au-Ag-Pb-Zn Čoka Marin deposit, a mineral 
that shows a great diversity in texture and contains the elevated amounts of many trace elements. Higher 
contents of Cu, Pb, As and Ag in this pyrite were determined by the microprobe analysis methods of a 
mineral composition (EMPA and LA-ICP-MS). However, using the microprobe analysis methods of a 
crystal structure of mineral, such as micro-Raman spectroscopy and TEM analysis with prior sample 
preparation by Focused Ion Beam (FIB), it was found that only copper is structurally bound in this 
mineral, while other impurities (Pb, As and Ag) form finely dispersed nanometer grains of other 

minerals which were actually subsequently deposited filling the nano-pores in pyrite. In this way, 
copper-bearing pyrite is well defined and guidelines are provided for further deciphering the 
depositional conditions of this, otherwise rare variety of pyrite in nature. On the other hand, incorrect 
crystallochemical and genetic interpretation of Pb, As and Ag-bearing pyrite was prevented, and the 
porous character of this mineral was emphasized, what underlines the specificity in the conditions of 
ore material deposition. Further examination of the Fe isotope composition of pyrite by LA-MC-ICP- 
MS, but on well-defined textural varieties such as colloform and cuhedral pyrite, it is found a significant 

difference in 6%'Fe values at the distance of only few micrometers, what especially emphasizes the 
importance of these measurement results, but also this approach of combining methods of microanalysis 

with textural studying of the minerals. 
This paper has been financed by the „Contract on realisation and financing of scientific research of SRI 
in 2022“, Nr. 451-03-68/2022-14/ 200126. 
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